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Biological studies were conducted on Ceutorhynchus trimaculatus Fabricius, a weevil 
imported under quarantine from Italy into the U.S.A. for evaluation of host specificity 
and potential for control of Carduus thistles. Females reared under day-night temper- 
atures of 21"-10°C and 9 h photophase oviposited an average of 21 1.7 eggs over 23.6 
wk; the preoviposition period was 19.9 wk. Two oviposition peaks were observed each 
calendar year, the first from February to April and the second in November. Eggs 
hatched in 12.4 days with mean viability of 64.2%. There were three larval instars; 
the mean larval developmental period was 42 days, and the pupal stage averaged 15.5 
days. Adult longevity for males was 43.9 wk and for females 43.5 wk. 

Resume 
Des Ctudes biologiques ont CtC effectuCes sur Ceutorhynchus trimaculatus Fabricius, 
un charan~on import6 en quarantaine aux USA 21 partir d'Italie, afin d'tvaluer sa 
sp6cificit6 et son potentiel de lutte contre les chardons du genre Carduus. Des femelles 
ClevCes sous un rCgime thermique jour-nuit de 21'-10°C et une photophase de 9 h, 
ont pondu en moyenne 211.7 oeufs sur une pCriode de 23.6 semaines; la pCriode de 
prCoviposition Ctait de 19.9 semaines. Deux pics d'oviposition ont CtC observCs a 
chaque annCe, le premier de fCvrier a avril et le second en novembre. Les oeufs ont 
Cclos en 12.4 jours et avaient un taux de survie moyen de 64.2%. Trois stades larvaires 
ont CtC observCs; la durCe moyenne de dkveloppement larvaire Ctait de 42 jours, et celle 
du stade pupal 15.5 jours. La IongBvitC des miiles Ctait de 43.9 semaines et celle des 
femelles de 43.5 semaines. 

Introduction 
Ceutorhynchus trimaculatus Fabricius, an European thistle-rosette weevil, introduced 

into Virginia under quarantine for host specificity testing between 1975 and 1977, has a 
narrow host range (Kok et al. 1979, 1982). Field studies in Italy (Boldt and Campobasso 
1981) confirmed that it did not attack two closely related economic plant species of the 
Carduus thistles in the Cynareae (Compositae), artichoke (Cynara scolymus L.), and saf- 
flower (Carthamus tinctorius L.). Few detailed studies of the biology of this weevil have 
been reported except for field observations by Frick (pers. comm.) and an account of its 
seasonal life history in Italy (Boldt and Campobasso 1981). This paper summarizes data 
on the biology and habits of C. trimaculatus during a 6-year laboratory study. 

Materials and Methods 
Adult C. trimaculatus collected from Carduus macrocephalus in Italy were imported 

in 1975-77. Dates and number of live adults received were as follows: 
MayJJune '75 - 226 
NovJDec '75 - 556 
May '76 - 218 
NovIDec '76 - 3 13 
Dec. '77 - 29 

The adults were sexed and held at 15°C for a week before being paired and caged on 
Carduus thoermeri Weinmann (musk thistle) leaf bouquets. The bouquets were placed in 
clear plastic cages and kept in an environmental chamber maintained at day-night tem- 
peratures of 21"-10°C, 50% R.H., and 9-h photophase (Kok et al. 1975). Weevils dying 
within 2 weeks of arrival were checked for Nosema and found to be negative except for 
the 1977 shipment. 
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Thistle leaves, from greenhouse plants, were changed weekly and oviposition was 
detected by dissection of leaf mid-ribs. Eggs were collected and incubated in the envi- 
ronmental chamber until eclosion. Newly eclosed first instar larvae were inoculated into 
the growth point of potted thistle rosettes (greenhouse grown) and reared to the adult stage 
in the laboratory at 20°+-2°C. Healthy new adults were used to start a colony of 
C .  trimaculatus and studies on the progeny were conducted to obtain details of its bi- 
ology. Data collected included adult longevity, fecundity, oviposition pattern, larval 
development, and egg viability. 

Adult stage. Upon emergence from December 1976 through September 1977 C. tri- 
maculatus adults were weighed, body length recorded, and caged as described above. 
To determine the oviposition pattern throughout the life of the female, eight cages each 
containing nine males and nine females were observed. Only vigorous and apparently 
healthy adults were selected from the weevils emerging during the above periods. Each 
of the eight cages was formed from adults emerging over a 1-month period in December 
1976, April, June, July, August and Sept. 1977, Dec. 1978, and Feb. 1979. Thistle 
leaves in each cage were replaced and dead weevils removed weekly; the number of 
feeding marks was recorded, and all eggs were dissected from each leaf. Longevity was 
determined by recording the date of death for each adult. Fecundity was determined by 
summation of all eggs laid by the females in each cage and divided by the total number 
of females. 
Egg stage. All eggs laid were counted and transferred by fine camel's-hair brush into 
30-cc plastic cups lined with a layer of cotton wool topped by filter paper and moistened 
with aqueous mold inhibitor solution (Kok et al. 1975). Eggs were checked daily until 
eclosion; those eggs failing to hatch after 21 days were discarded. Viability of the eggs 
was determined by recording the number of eggs that hatched from the total number of 
eggs laid between 1975 and 1977. Eggs from the subsequent generations totalled 520 in 
1975, 6,265 in 1976, and 15,572 in 1977. Duration of the egg stage was based on a 
random sample of 350 eggs. 
Larval stage. One-day-old larvae were inoculated into musk thistle rosettes by forming 
a small opening in the center of the plant and brushing larvae into the opening with a 
paint brush (size 00). Plants containing larvae were placed in a room at 21°+10C. Rosettes 
were dissected at predetermined intervals after inoculation and the surviving larvae 
measured. 

One series of inoculated plants (5 larvaelplant, replicated 20 times) was dissected 
weekly to determine the developmental rate. Prior to reinoculation, developing larvae 
were measured using the ocular micrometer of a Leitz stereomicroscope. Head capsule 
width, body length of stationary larva, and weight were recorded. Six weeks after in- 
oculation the leaves were clipped from the rosette and the pot was bagged in polyethylene 
and checked daily until emergence of adult weevils. 

Preliminary plant dissections were conducted in a second series to determine the 
approximate day of larval molt. Dissections of the host plant were made before and after 
the expected day of molt: 6 and 11 days after hatch-for the first and second instar, 
respectively. Dissections to determine pupation were conducted between 30 and 50 days 
after hatch. To obtain a true mean and standard deviation would require knowing ac- 
curately the length of time between molts for individual larva. This would require dis- 
secting the thistle rosette daily before the larva was expected to molt. Such frequent 
dissection of the host plant material for the same larva would disrupt its normal devel- 
opment and produce inaccurate results. Disruptions for each larva were kept minimal 
(once or twice) to reduce mortality. In this way a range of days for larval development 
could be determined. Five larvae were inoculated into each plant and replicated 10 times 
for the second and the following third series. 
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In a third series, to determine the length of development from first instar to adult, 
inoculated plants were not dissected, but were similarly bagged after 6 wk for weevil 
emergence. Date of adult emergence was recorded. 

Results and Discussion 
Adult stage. Teneral adults feed almost immediately on emergence, preferring the ter- 
minal leaves of rosettes. Feeding punctures resemble those of Trichosirocalus horridus 
(Kok 1975), another European thistle rosette weevil with similar feeding habits. Biological 
data of the adults are summarized in Table I. The number of puncture marks per adult per 
week were similar to those reported by Kok et al. (1982). The males were slightly longer 
and heavier than the females but differences were not significant. Mean developmental 
period of larvae in undissected plants and longevity for both sexes were quite similar. 
Fecundity of 21 1.7 eggs per female was much lower than the mean (807) for T. horridus 
(Kok et al. 1975) but was within the range (170 to 320) reported for C. trimaculatus in 
corresponding studies (Kok et al. 1979). The relationship between age of females and egg 
production of C .  trimaculatus resembles a normal curve distribution (Fig. 1). Initiation 
of egg-laying in the various cages ranged from 10 wk to 46 wk, with a mean preoviposition 
period of 19.9 wk. Oviposition reached a peak of 24.7 eggs per female per month at 52 

Table I. Biological data for laboratow-reared C .  trimaculatus adults 

Feature 

d body length (mm) 
9 body length (rnrn) 
d weight (mg) 
? weight (mg) 
d development period (days) 
? development period (days) 
Feeding punctures (no./adulVwk) 
Preoviposition period (wk) 
Oviposition period (wk) 
Fecundity (no. eggs1 9 ) 
d longevity (wk) 
9 longevity (wk) 

- - 

Number 
measured 

- - -  

(X ? S.D.) 

~ g e  o f  9 i n  M o n t h s  

FIG. 1 .  Oviposition of Ceutorhynchus trimaculatus in relation to age of female. (Mean of 8 replicates; 9 pairs 
of weevilslreplicate.) 
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wk of age, at which time 60% of the females had died. Egg production then declined and 
ceased after 84 wk when all females died. Mortality was < 20% for the first 30 wk of age 
but reached 90% by 68 wk of age. The mean longevity of the females was 43.5k13.9 wk, 
with 40% surviving beyond 52 wk contin~uing to lay eggs at a reduced rate. Mean 
ovipositional period of 23.6k13.9 wk was lower than the 43.057.2 wk reported by Kok 
et al. (1979). 

The seasonal oviposition pattern throughout a 12-month calendar year (Fig. 2) 
showed two peaks in egg production. The number of eggs per female peaked in November 
(23.9), and again in February (18.9) through April (18.8). Egg-laying declined steadily 
from May (10.7) until reaching the lowest point in September (2.4). 

This ovipositional pattern coincides with the appropriate rosette host stage for larval 
infestation. The rosette stage occurs from September, when the current year's seeds begin 
to geminate, until May when thistles begin to elongate. Oviposition between May and 
September would prevent larvae from feeding in the root crown. Larvae in the basal 
leaves would find host material too dense, fibrous, and unsuitable for larval feeding. A 
similar pattern has also been found for Trichosirocalus horridus, a larval rosette feeder 
with similar feeding requirements (Trumble and Kok 1979). 

Regardless of when adults emerged, they did not begin ovipositing until the fall and 
winter, which coincided with the natural occurrence of rosettes. Females in the cage 
formed in July began ovipositing in September; those in cages formed in December, 
February, April, and June all began ovipositing in October. One cage formed in August 
had eggs in November. In the two cages formed as much as 6 months apart (December 
and June) both had eggs in the same month, October. The females in the seventh cage 
formed in September began ovipositing in January and the eighth cage formed in 
December had eggs in March. Thus, oviposition of C .  trimaculatus matched the phen- 
ology of the host and the preoviposition period was dependent on the month of adult 
emergence. 

The adults observed in this experiment were second and third generation progenies 
of the imported weevils. Similar egg production patterns were observed in different 
groups of weevils in subsequent years when each generation was subjected to the same 
temperature and photophase regime throughout the entire year. The ovipositional peak 
in November matches the seasonality of the adults in Italy (Boldt and Campobasso 1981). 

FIG. 2. Monthly oviposition of Ceutorhynchus rrimaculatus throughout the year. (Mean of 8 replicates; 9 pairs 
of weevils/replicate.) 
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This shows that in spite of the laboratory rearing conditions, C. trimaculatus females 
maintain their natural ovipositional cycles. A Nosema sp. was detected in most of the 
weevils in the 1977 shipment. Progeny from these weevils were not used in this study, 
but were used in a related study to determine what effect this disease had on weevil 
fecundity. Results of the experiment were inconclusive. 

Egg stage. Pale yellowish eggs were laid singly in the mid-rib and under the epidermis 
of the leaves. This was similar to that reported for weevils in the field (Boldt and 
Campobasso 1981). Incubation period at day-night temperatures of 21'-10°C was 
12.4k 3.5 days (n = 350), with a range of 4-15 days. The black head capsules within 
the eggs were clearly distinguishable about 3 days prior to eclosion. The mean viability 
for 22,357 eggs laid over 3 years was 64.2 + 6.6%. 

Larval and pupal stage. There are three larval instars. Feeding behavior is similar to 
T. horridus (Kok et al. 1975). Larvae began feeding in the mid-rib leaf tissue and as the 
larvae developed, they fed downward toward the root. First instars fed in the mid-rib 
within 0-5 mm of the leaf base, second instars fed at the leaf base and up to 2-4 mm 
into the growth point. Third instars fed in the small cavity (root crown) at the top of the 
root below the growth point, causing necrosis in the root crown. Measurements of body 
length, weight, and head capsules of a random sample of developing larvae are sum- 
marized in Table 11. Mean larval duration was 42 days. Mature larvae left the plant tissue 
and pupated in the soil in cells made from soil particles. The pupal stage is highly 
sensitive and measurements were based on a small sample (17) so as not to interfere with 
their development. Mean developmental period was 15.5 k4 .4  days, and pupal weight 
was 8.39 k0.06 mg. Emerging adults had approximately the same proportion of each 
sex. Total development based on diss'ections of rosettes containing larvae including the 
pupal period was 58 days. This is 10.4 days longer than the development period based 
on larvae from undissected plants (Table I). The 47.6-day development period for larvae 
in undissected plants is probably a more accurate estimate of total developmental period 
since these larvae were undisturbed from inoculation until adult emergence. Dissection 
of rosettes with larvae may have interrupted and prolonged their development. 

Table 11. Body length, weight, head capsule width, and developmental rate of C .  trimaculatus larvae1 

Measurements immediately after 
each molt (x 2 S.D.) 

Number Developmental Head capsule 
observed period Body length Weight width 

Growth stage ( 4  x (range) days (mm) (mg) (mm) 

'Maintained at 21°-c 1°C. 
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